The 26000-Mr DD-peptidase of Streptomyces K15 binds one equivalent of thiol reagents as 5,5'-dithiobis-(2-nitrobenzoate) or p-chloromercuribenzoate (pCMB). Derivatization of the DD-peptidase by pCMB decreases the efficacy of the initial binding of the ester carbonyl donor Ac2-L-Lys-D-Ala-D-lactate to the enzyme (K), the rate of enzyme acylation by the donor (k+2) and the rate of enzyme deacylation (k+3). However, the value of the k+2/k+3 ratio, and therefore the percentage of total enzyme which, at saturating concentrations of the donor, is present as acyl-enzyme at the steady state of the reaction, are not modified. The enzyme's binding sites for pCMB and benzylpenicillin are not mutually exclusive. But, when compared with the native enzyme, the pCMB-derivatized enzyme undergoes acylation by benzylpenicillin with a decreased second-order-rate constant (k+2/K) value and gives rise to a penicilloyl adduct of increased stability. Since the acyl-enzyme mechanism is not annihilated by pCMB derivatization, it is proposed that basically, and like all the other DD-peptidases/penicillin-binding proteins so far characterized, the Streptomyces K1 5 DD-peptidase is an active-site-serine enzyme.
INTRODUCTION
The 26000-Mr DD-peptidase of Streptomyces K1 5 is a membrane-bound enzyme involved in peptide crosslinking during the last stages of wall peptidoglycan synthesis. Purified to 95% homogeneity in the presence of N-cetyl-NNN-trimethylammonium bromide (NguyenDisteche et al., 1982) , this enzyme catalyses transfer of the Ac2-L-Lys-D-alanyl moiety from amide (Ac2-L-Lys-D-Ala-D-Ala) and ester (Ac2-L-Lys-D-Ala-D-Lac) carbonyl donors to various acceptors (HY) . The where E is the enzyme, D is the carbonyl donor, E-D is the Michaelis complex; E-D* is the acyl (Ac2-L-Lys-D-alanyl)-enzyme, K is the dissociation constant, and k+2 and k+3 are the first-order rate constants.
In this transfer reaction the relative acceptor activity of water, the leaving group D-Ala or D-lactate and an amino compound NH2-R related to the wall peptidoglycan (e.g. Gly-Gly) is: D-lactate << 55.5 M-H20 < DAla < mM-NH2-R. It follows that, in water, the enzyme hydrolyses the ester donor to completion without any sign of interference by the leaving group, D-lactate. In contrast, the D-alanine that is released from the peptide donor suppresses the acceptor activity of water, performs attack of the acyl enzyme and regenerates the initial substrate, so that little of the donor is consumed. Addition of Gly-Gly, at millimolar concentrations, to the reaction mixture causes complete channelling of both carbonyl donors to the synthesis of Ac2-L-Lys-D-AlaGly-Gly, i.e. the enzyme functions as a strict DDtranspeptidase. In this process, strong experimental evidence suggests that Gly-Gly not only behaves as an alternate nucleophile at the level of the acyl enzyme but, in addition, influences the initial binding of the donor to the enzyme and enhances the efficacy of the ensuing acylation step .
,f-Lactam compounds (penicillins, cephalosporins, monobactams) function as carbonyl donors, and reaction (1) above applies. However, (i) the leaving group of the enzyme-acylation step (k,2) is not released and remains part ofthe acyl (penicilloyl, cephalosporoyl, etc.)-enzyme, and (ii) this acyl enzyme is very-long-lived (k+3 has a low absolute value) and the enzyme behaves as a penicillinbinding protein.
The values of the kinetic parameters which govern the interaction between the purified Streptomyces K15 DD-peptidase and peptide, depsipeptide and ,J-lactam carbonyl donors have been determined ). This present paper describes the effect that pCMB exerts on the enzyme acylation and deacylation steps of the catalysed reactions.
MATERIALS AND METHODS Enzymes and substrates
Purified Streptomyces K15 DD-peptidase, Bacillus where [E] The parameters given pertain to the reaction:
Hanes plot Acyl-enzyme trapping (Fig. 1 (Fig. 1) . As shown in Table 1 (Hantke & Braun, 1973) or in the membrane-bound ,6-lactamase of Bacillus licheniformis (Lai et al., 1981; Nielsen et al., 1981) ].
pCMB derivatization decreases the efficacy of the initial binding of the ester donor Ac2-L-Lys-D-Ala-D-Lac to the enzyme (K), the rate of enzyme acylation by the donor (k+2) and the rate of enzyme deacylation (k+3).
However, at a saturating concentration of the donor, pCMB binding does not affect the proportion of total enzyme which is present as acyl (Ac2-L-Lys-D-alanyl)-enzyme at the steady state of the reaction (unmodified k+2/k+3 value).
The enzyme's pCMB-and benzylpenicillin-binding sites are not mutually exclusive, but pCMB derivatization also causes both a decrease of the second-order rate constant of enzyme acylation by benzylpenicillin (k+2/K) and a decrease of the rate of enzyme deacylation (k+3).
From the foregoing it can be concluded that, central to the acyl-enzyme mechanism through which the Streptomyces K15 DD-peptidase operates on acyclic and ,6-lactam carbonyl donors, is the activation of an enzyme's nucleophile other than the pCMB-binding site, presumably a serine residue, since it occurs in all the penicillin-binding DD-peptidases so far characterized.
The Streptomyces K15 DD-peptidase behaves as a pCMB-sensitive, active-site-serine enzyme such as carboxypeptidase Y (Bai & Hayashi, 1979; Breddam, 1983) , thermitase from Thermoactinomyces vulgaris (Stepanov, 1980) and, among the penicillin-recognizing enzymes, the Escherichia coli DD-peptidase/penicillin-binding protein no. 5 [where a cysteine residue occurs at position 71 on the carboxy side of the active-site serine residue (Broome-Smith & Spratt, 1984) ] and the ,J-lactamase of Klebsiella aerogenes (Ezard et al., 1986) . Curtis & Strominger (1978) first proposed that pCMB binding to the E. coli DD-peptidase did not prevent acyl-enzyme formation, but blocked the enzyme-deacylation step. More recently, Broome-Smith & Spratt (1984) showed that both steps were affected. The Nbs2-sensitive cysteine residue in the K. aerogenes fl-lactamase is not accessible to the reagent unless the protein is denatured by guanidinium chloride treatment. The Nbs2-derivatized and refolded f6-lactamase hydrolyses benzylpenicillin with a 24-fold-decreased kcat value and a 3-fold increased Km value. It remains readily inactivable by 6f6-iodopenicillanate, and the ,6-iodopenicillanatederivatized /1-lactamase binds Nbs2.
